We describe a 17-yr-old girl with insulin resistant diabetes, acanthosis nigricans, hirsutism and short stature.
Non-insulin-dependent diabetes mellitus (NIDDM) has been extensively studied with respect to insulin resistance (Reaven et al., 1976) . However, the exact nature of the molecular mechanism remains to be determined. In order to solve this problem it is useful to investigate the extreme insulin resistant syndromes, such as type A insulin resistance, leprechaunism and so on (Kahn et al., 1976; Taylor et al., 1981) . Since in cultured cells from these patients the defects in insulin action persist, it is suggested that some genetic factors may contribute to the etiology in these syndromes (Kahn and Podskalny, 1980; Taylor et al., 1981) . Although familial incidence has been reported in these syndromes, the mode of inheritance has not been clearly defined (Flier et al., 1980; Schwenk et al., 1986) .
We now report two cases, a female and her mother, who have type C insulin resistance and short stature. Insulin binding to erythrocytes was determined in the family members, and lack of any abnormality in this binding suggests a postbinding defect in the insulin action. Furthermore, since the maternal grandfather and uncle may be affected by the same phenotype, i.e. insulin resistant diabetes and short stature, autosomal dominant inheritance was suggested in this syndrome.
Case Report
Case 1 The proband was a 14-yr-old Japanese girl at the time of initial evaluation ( Fig.  1 , case IV-3). She was a premature baby of 36 weeks gestation, weighing 2 kg at birth. Her growth has been below the -2.5 SD curve since then. Her bone age was appropriate for her chronological age. Menarche occurred at the age of 13 and regular menstrual periods were established. At the age of 11 she was found to have glycosuria in a routine urine screening at school.
In 1984, at the age of 14 the patient was referred to the Shimoshizu National Hospital and Sanatorium because of glycosuria.
Physical examination revealed a short girl with hirsutism, 136 cm tall (-3.95 SD) and weighing 36 kg. Her breasts and pubic hair were Tanner stage 4 with no clitorial hypertrophy.
Acanthosis nigricans was noted on the neck and in the axilla, but there was no evidence of virilization. The fasting blood sugar was 136 mg per deciliter, glycosuria 30-50 g per day, hemoglobin A, 11.6 percent, and hyperinsulinemia was noted.
She was treated with human Actrapid insulin up to 1000 U per day using CSII, but little effect on blood glucose or glycosuria was noted.
Of oral hypoglycemic agents, neither glibenclamide nor tolbutamide was effective. A chromosomal study revealed normal karyotypes.
In 1985, at the age of 15, transient amenorrhea appeared, but polycystic ovaries were not detected by ultrasound examination.
Shortly after the episode, regular menstrual cycles were reestablished.
In 1988 she is 17-yr-old and her blood glucose is still not well controlled.
Intermittent pro- The Family Pedigree The maternal grandfather was 140cm tall, weighed 40kg, and was diagnosed as diabetes mellitus at the age of 30 (Fig. 1 , Table 2 , II-3). He was admitted for diabetic gangrene at the age of 45 with total blindness due to diabetic retinopathy and died in a severe diabetic state despite extensive insulin therapy. The maternal uncle also was short, 140 cm tall, and weighed 45kg (Fig. 1, Table 2 , III-3).
He was admitted to a hospital for an operation for perforated gastric ulcer at the age of 31 when diabetes mellitus was first found. Then he was treated with a large amount of insulin but there was little improvement in blood. glucose. He died one week after the operation. There was no evidence of any direct relation between the operation and death.
There is no consanguinity in the marriage. No other diabetes mellitus was found in this family except case III-2 and case nemia nor short stature (Table 2) . He was diagnosed as diabetes mellitus at the age of 30 and considered to be NIDDM. The latter was the father of the proband and had impaired glucose tolerance however, neither hyperinsulinemia nor short stature were observed.
Furthermore, no family history of diabetes mellitus with short stature was found in the paternal members.
Methods
Monocomponent porcine insulin was generously donated by NOVO Industries (Bagsvaerd, Denmark). Tyr-A14 labeled [125I]porcine insulin was obtained from New England Nuclear, New York (specific activity, about 2200 Ci/mmol).
Oral glucose tolerance was assessed by giving 1.75g of glucose per kg or 75g of glucose. Plasma glucose was determined with an auto- 
Results
In the oral glucose tolerance test the proband (case 1) showed a mild diabetic pattern and the mother (case 2) had severe diabetes mellitus (Fig. 2) . Both cases had fasting hyperinsulinemia and blunted response of insulin secretion after a glucose load. However the serum C-peptide levels were not very high in either case (Table 3) . Although the C-peptide/insulin molar ratio was decreased, abnormal insulin was not detected in case 1 (personal communication from Dr. M. Kobayashi, Shiga Medical School). In the family study the father had impaired glucose tolerance as shown in Table 1 , but hyperinsulinemia was not observed.
Both of her sisters had normal glucose tolerance and normal insulin response. Also other members of the family examined had no hyperinsulinemia (data not shown). Fig. 3 shows the intravenous insulin tolerance test results, and case 1 had a Scatchard plots derived from these competition curves were also within normal limits (data not shown), indicating that the receptors were present in normal concentrations and were of normal affinity. Insulin antibody and insulin receptor antibody were not detected in the two cases. Endocrinological data are shown in Tables 3 and 4 . Insulin antagonistic hormones, such as glucagon, GH, thyroid hormones and cortisol were at normal levels in both cases. In both arginine and GRF tests, GH responded normally in case 1, whose somatomedin C level was also in the normal range. TRH test revealed a normal response of both TSH and prolactin, and cortisol responded normally with ACTH infusion in case 1. Exaggerated LH response to LHRH was observed at the time of amenorrhea (15 yr) in case 1, but at the age of 17 it had returned to normal.
Discussion
In the present study we observed extreme insulin resistant diabetes in the proband and her mother. The increased serum insulin levels of both patients in fasting suggest the presence of insulin resistance, which was confirmed both by the insulin Endocrinol.
Japon. June 1989 tolerance and/or euglycemic clamp tests, and by the deoxyglucose uptake in fibroblasts. Insulin binding to erythrocytes and to normal range. Thus, the insulin resistance in these cases was due to a postbinding defect of the insulin receptor, and the type C syndrome of insulin resistance was suggested.
Although case 2 had milder insulin resistance than case 1 (Fig. 3) , the serum insulin level of the former was higher than that of the latter. Since serum C-peptide response in the oral glucose tolerance test was quite similar in the two cases, and since fibroblasts from both cases had the same degree of insulin resistance , this difference in serum insulin levels may be due to a variance in insulin degradation through the respective insulin receptors.
In case 1, subcutaneous insulin treatment up to 1000 U per day was not effective in controlling blood glucose. Thus, in addition to insulin resistance, the possibility that there is an increase in the degradation of insulin in subcutaneous tissue cannot be ruled out. In case 2, it is also possible that the cause of insulin resistance may be related to NIDDM, because she showed only mild insulin resistance.
In the pedigree analysis the same phenotype of insulin resistant diabetes mellitus and short stature was found in the maternal grandfather and uncle. However, her two sisters exhibited an essentially normal phenotype without short stature or acanthosis nigricans. Their oral glucose loading tests revealed normal blood glucose and insulin patterns. Her father had impaired glucose tolerance, but no physical abnormality was found. His fasting insulin levels and insulin binding to erythrocytes were normal and, furthermore, insulin binding and glucose uptake from his fibroblasts were in the normal range . These data suggest that his glucose intolerance is not due to insulin resistance but to impaired insulin secretion, which may be at least in part related to the cause of diabetes mellitus in the proband. Since this phenotype is cosegregated through three generations and occurs among both sexes, autosomal dominant inheritance was suggested.
Previous familial incidence has been reported in several cases of genetic forms of insulin resistance, such as type A syndrome (Flier et al., 1980; Scarlett et al., 1982) , type C syndrome (Schwenk et al., 1986; Kumakura et al., 1988) , leprechaunism (Taylor et al., 1986 ), Rabson-Mendenhall syndrome (Rabson and Mendenhall, 1956) , Alstrom syndrome (Goldstein and Fialkow, 1973; Edwards et al., 1976) and lipoatrophic diabetes (Dunnigan et al., 1974) . Of these syndromes, the Rabson-Mendenhall and Alstrom syndromes are thought to be due to autosomal recessive inheritance.
But as for the other cases, although they showed vertical transmission, the mode of inheritance has not been clearly defined. Only one report documented autosomal dominant inheritance over three generations in lipoatrophic diabetes (Dunnigan et al., 1974 ), but precise information about the biochemical data was not given. Recently mutant genes of insulin receptor from two cases of insulin resistant diabetes were elucidated by recombinant DNA technology.
In one case of leprechaunism (Kadowaki et al., 1988) it was observed that the patient was a compound heterozygate, having inherited two different mutant alleles of the insulin receptor gene. In another case of type A syndrome consanguineous marriage has been reported (Yoshimasa et al., 1988) . Therefore the present case is the first report of type C insulin resistance showing autosomal dominant inheritance and being precisely examined.
Previously mutant insulin receptor with defective tyrosine kinase reportedly failed to mediate biological action of insulin (Ebina et al., 1987; Chou et al., 1987 results indicate that tyrosine kinase may be essential in mediating insulin action. In fact, insulin receptor-associated tyrosine kinase was decreased in some cases of type C insulin resistance (Grunberger et al., 1984; Grigorescu et al., 1984) . In the present case, we found decreased activity of tyrosine kinase as well as deletion of insulin receptor gene encoding kinase domain . Thus these defects may be related to the cause of insulin resistant diabetes in the present case.
Another characteristic feature of the present case is the concomitant expression of short stature. Since no physical abnormality was found except acanthosis nigricans and hirsutism, it is not a rare genetic syndrome of insulin-resistance, such as leprechaunism. Chromosomal abnormalities and other endocrinological abnormalities are also excluded by normal karyotypes and normal endocrinological data. Since the proband had low birth weight at 36-week gestation, and since the affected members, her mother and maternal uncle, also reportedly had low birth weight, this may be related to the cause of short stature.
Intrauterine and neonatal growth retardation is a characteristic feature of leprechaunism. Cultured fibroblasts from such patients had normal or decreased insulin binding as well as decreased IGF-I binding (Van Obberghen-Shilling et al., 1981) . Postbinding defects of insulin and IGF-I have also been reported and these defects may be related to growth retardation (Kaplowitz and D'Ercole, 1982) . Thus it is feasible that the defect of insulin receptor-associated tyrosine kinase may have caused intrauterine and subsequent growth retardation in the present case. However, since not all the cases of insulin resistance syndrome reported had short stature, some other cause may also be possible.
In conclusion, the present case is a rare syndrome presented with type C syndrome of insulin resistance and with short stature, both of which were inherited autosomal dominantly.
As for our research of the literature, apparently no case with similar characteristic feature has been reported. Thus this case may be a useful model for investigating insulin receptor abnormality in the molecular level.
